Methods and Results We evaluated 301 patients with signs of acute myocardial infarction and without contraindications for thrombolysis who presented within 6 hours after onset of symptoms or between 6 and 24 hours if there was evidence of ongoing ischemia. One hundred fifty-two patients were randomly assigned to undergo primary angioplasty, and 149 patients were assigned to receive treatment with streptokinase (1.5 million U IV). Infarct size was estimated from enzyme release. Global left ventricular ejection fraction and regional wall motion, if possible in combination with exercise testing, were evaluated by radionuclide ventriculography before discharge. Thrombolysis in Myocardial Infarction (TIMI) flow grade 3 through the infarct-related vessel within 120 minutes after admission was achieved in 92% of all patients assigned to receive primary angioplasty therapy. Myocardial infarct size n patients with acute myocardial infarction, early treatment resulting in restoration of adequate blood flow through the infarct-related vessel results in limitation of infarct size, preservation of left ventricular function, and reduction in mortality.1-8 Several large clinical trials have established that thrombolytic therapy reduces mortality, and thrombolysis is the treatment of choice in patients with acute myocardial infarction. Recently, we demonstrated a higher patency rate of the infarct-related coronary vessels, a reduction in the severity of the residual stenotic lesions, and a lower incidence of recurrent myocardial ischemia in patients with acute myocardial infarction who underwent primary (or direct) coronary angioplasty compared with those who received intravenous streptokinase. Furthermore, global left ventricular ejection fraction, as measured with a quantitative radionuclide method, was better in the patients assigned to undergo primary angioplasty.9,10 After completion of this initial series of 142 patients,9 the randomized study was extended to a total of 301 patients to achieve greater certainty about the benefit of primary coronary angioplasty. Previous studies of percutaneous transluminal coronary angioplasty (PTCA) in acute myocardial infarction did not yield additional benefit in patients pretreated with thrombolytic agents.11-15 This lack of benefit has been attributed to activation of coagulation during thrombolytic therapy but could also be related to hemorrhage in the wall of the infarct-related artery or in the infarcted myocardium.16,17 Primary coronary angioplasty without pretreatment with thrombolytic agents may be advantageous since these deleterious phenomena are avoided.90 1718
This report describes the results of the full cohort of 301 patients with special emphasis on infarct size as measured from enzyme release and on global and regional left ventricular function.
Methods

Patient Selection
The research protocol was approved by the institutional review board of the Weezenlanden Hospital. Enrollment began on August 20, 1990 , and ended on April 26, 1993 . Inclusion criteria were (1) symptoms compatible with acute myocardial infarction persisting for more than 30 minutes accompanied by an ECG with more than 0.1-mV ST-segment elevation in two or more contiguous leads; (2) all patients presenting within 6 hours after symptom onset, as well as those presenting between 6 and 24 hours if they had evidence of continuing ischemia; (3) age less than 76 years; and (4) no contraindication to thrombolytic therapy, including prior stroke or other known intracranial diseases, recent trauma or surgery, refractory hypertension, active bleeding, or prolonged cardiopulmonary resuscitation. Prior coronary artery bypass grafting, prior Q-wave or non-Q-wave infarction, and cardiogenic shock were no reasons to exclude a patient. After informed consent was obtained, patients were randomly assigned to one of the two treatment modalities using a closed envelope system.
Treatment Protocol
All patients received 300 mg aspirin IV followed by 300 mg/d PO and IV nitroglycerin in a dosage aimed at a systolic blood pressure of 110 mm Hg. Intravenous heparin was given in a bolus of 10 000 U and thereafter as a continuous infusion adjusted to maintain the activated partial thromboplastin time between two and three times the normal value for at least 2 days. Other A two-compartment model was used, which has been validated in several studies on the turnover of radiolabeled plasma proteins and circulating tissue enzymes.2,20-22 The plasma activity of enzyme C at time t is determined by input of enzyme from the heart and elimination of enzyme determined by a fractional catabolic rate constant (FCRLDH). In addition, there is extravasation of enzyme, determined by a fractional transcapillary escape rate constant (TER), and return to plasma from the extravascular pool E(t), determined by a fractional extravascular return rate constant (ERR). Cumulative release of enzyme per liter of plasma from zero time up to time t is given by: (1) Q(t)=C(t)+E(t)+OftFCRLDHC(r)dr where C(t) and E(t) are the activities still present in the intravascular and extravascular spaces and the integral term encompasses eliminated activity. A value of FCRLDH=0.015 hr-1 was used. The extravascular pool E(t) is determined by the time-dependent plasma activity and TER and ERR: (2) 23 The left anterior oblique projection with some degree of cranial angulation to separate the right and the left ventricle was used to analyze regional wall motion. The left ventricle was divided into five zones corresponding to the posterolateral, inferolateral, inferoapical, basoseptal, and anteroseptal regions. The area involving the valve planes was excluded. Regional wall motion was calculated from maximal and minimal counts in all regions and was expressed in percentages. Infarct-and non-infarct-related segments were indicated by two investigators using the ECG site of infarction and coronary anatomy as references, without further knowledge of clinical data. A symptom-limited bicycle exercise test was performed with participants in the supine position at increments of 10 W/min, only in patients without contraindications to exercise. An exercise test indicating ischemia was defined as a test with an ST-segment depression of more than 1 mm measured 60 milliseconds after the J-point. In patients with baseline abnormalities in the ST-T wave, a depression of more than 1 mm in the ST segment was considered to indicate ischemia.
Angiography and Angioplasty Data
Data of the coronary angiography and angioplasty procedures were collected and judged by two of the investigators. Because blinding to angioplasty procedures was not possible, all angiograms were subsequently reviewed by an independent and highly experienced investigator (M.v.d.B.) who was not Additional procedures during the in-hospital stay were infrequent in the angioplasty-assigned patients: 3 patients had an additional angioplasty procedure of a non-infarct-related vessel, and 7 underwent coronary artery bypass grafting. In the streptokinase-assigned patients, 24 underwent an angioplasty procedure, and 14 patients had coronary artery bypass grafting before discharge. The in-hospital mortality was 2% (3 patients) in the angioplasty-assigned patient group and 7% (11 patients) in the streptokinase group (P=.024).
Angiographic Data
Baseline angiographic data of all patients assigned to receive primary coronary angioplasty are given in Table  2 . Three of the angioplasty-assigned patients (2%) had no significant coronary artery disease, 54 (36%) had one-vessel disease, and 95 (62%) had multivessel disease. Not all patients had angiography of the noninfarct-related vessel before a coronary angioplasty was done; thus, classification of collaterals to the infarctrelated vessel could be assessed only in 141 patients (Table 2) . Patency rates and TIMI flow rates before therapy are given for all patients undergoing angiography. The by emergency coronary artery bypass surgery were considered to have had restoration of adequate blood flow 120 minutes after admission (3 additional patients). In 4 patients, the infarct-related vessel was opened successfully more than 120 minutes after admission.
Enzymatic Infarct Size
Values for peak creatine kinase and LDH estimated infarct size (LDH Q72) are given in Table 3 . Peak CK values tended to be lower in the angioplasty treated patient group, but this difference was not statistically significant. Cumulative enzyme release during the first 72 hours, with sufficient data from the sequential measurements and accurate timing of symptom onset, could be calculated in 92% of all patients, and the data are given in Table 3 . For 10 patients in the angioplasty group and for 7 patients in the streptokinase group, data were insufficient for adequate analysis. Eight patients died within the first 48 hours, before serial enzyme release could be determined. Estimated infarct size using LDH Q72 was lower in the angioplasty-assigned patients compared with patients assigned to receive streptokinase, representing a reduction of estimated infarct size of 23% (95% confidence interval [CI], 13% to 32%). The difference of the LDH Q72 value between the two groups was greater in patients with anterior wall myocardial infarction than in patients with a nonanterior wall infarction.
The relation between time from onset of symptoms to reperfusion therapy and LDH Q72 is also shown in Table  3 . In patients admitted to the hospital within 2 hours after the onset of symptoms, an even more pronounced difference was seen: LDH Q72 was 967±730 U/L in the angioplasty group versus 1403±1157 U/L in the streptokinase group (P=.010), representing a reduction of estimated infarct size of 31% (95% CI, 20% to 43%).
Left Ventricular Function
In 149 patients in the angioplasty group (98%) and 140 patients in the streptokinase group (94%), resting ejection fraction values were obtained. Three patients in the angioplasty-treated group and 9 patients in the streptokinase-treated group died before nuclear studies were performed. Global ejection fraction was measured in all 289 survivors, whereas regional wall motion could be obtained in 273 patients (91%). The interval between acute myocardial infarction and time of nuclear study was less in the angioplasty group than in the streptokinase group (14±13 days and 17±21 days, respectively; P=.04). In all subgroups studied, resting global ejection fraction was significantly greater in patients assigned to primary angioplasty than in patients assigned to streptokinase therapy (Table 4 ). This difference was mostly due to better wall motion in the infarct-related region, although a relatively small but significant difference for non-infarct-related areas was also found between the two groups. There was a clear Data from animal studies have demonstrated that myocardial salvage occurs primarily in the first 3 to 4 hours after coronary artery occlusion27-29 and therefore that very early reperfusion is important to limit infarct size. This will result in better left ventricular function and as a consequence may lead to better rate of survival.30 Early complete perfusion (TIMI grade 3) of the infarct-related vessel is the key to myocardial salvage. Often, incomplete perfusion (TIMI grade 2) is also considered to represent successful therapy, but recent studies revealed that patients with grade 2 flow of the infarct-related artery have in fact indexes of myocardial infarction similar to those of patients with occluded coronary arteries (TIMI grades 0 and 1).31-33 Primary PTCA has the potential to achieve more rapid and effective reperfusion, defined as TIMI grade 3 flow, compared with thrombolytic therapy. In fact, TIMI grade 3 flow at 90 minutes or at 3 hours was achieved in only 54% to 60% of patients who received the best available thrombolytic regimen in the GUSTO study and the TEAM-2 study.33,34 Rapid complete reperfusion is, in our perception, the reason for the significant additional salvage by primary angioplasty. Our study shows that in patients who undergo primary coronary angioplasty, effective restoration of blood flow through the infarct-related artery can be accomplished in 51% of patients by 60 minutes after admission, 81% by 90 minutes after admission, and 92% by 120 minutes after admission.
Both global and regional left ventricular function were better preserved after primary angioplasty compared with after intravenous streptokinase in the present study (Table 3) . Similarly, O'Neill and coworkers35 reported a more effective preservation of ventricular function in patients who underwent primary coronary angioplasty compared with those who received intracoronary streptokinase, and Erbel et a136 found improved left ventricular wall motion and patency after a combined medical and mechanical approach, a finding supported by data from a subgroup of the Dutch Interuniversity trial and a report by Belenkie and coworkers.37, 38 In one report, primary coronary angioplasty and tissue-type plasminogen activator therapy salvaged similar amounts of myocardium, as assessed by tomographic imaging with 9'Tc-sestamibi, and additional left ventricular studies at discharge and after 6 weeks failed to show a significant difference between the two patient groups. However, the time from onset of symptoms to start of therapy in this study was longer, and the percentage of anterior wall myocardial infarctions was lower (36%) than in our study population (49%).9.39 Furthermore, the Primary Angioplasty in Myocardial Infarction (PAMI) study'8 failed to demonstrate any differences in left ventricular function, as measured with a radionuclide technique, between two groups randomized to receive coronary angioplasty or tissue plasminogen activator therapy. This contrast with our results may be caused by selection bias. These data were obtained in only 62% of patients, whereas in our study these data could be obtained in 96% of patients. Although patients in our trial were allowed to enter the study between 12 and 24 hours (these patients were not included in the PAMI trial), the mean times from symptom onset to randomization (PAMI, 189 minutes) or admission (the present study, 185 minutes) were not strikingly different. Furthermore, about half of the patients in our study presented within 2 hours after symptom onset. This may have influenced the results.
Mechanisms
In studies comparing thrombolytic therapy and placebo treatment, the differences in ejection fraction remained small although the greatest improvement was observed in the patients with an angiographically documented patent infarct-related artery.404l Different mechanisms have to be considered to explain the remarkable differences between the two patient groups in the present study.
First, patency of the infarct-related coronary artery is established in approximately 70% to 80% of patients treated with thrombolytic therapy, whereas angioplasty results in patency rates of more than 90%. 9, 10, 18, 39, 42 Second, by rapid restoration of TIMI grade 3 flow and reduction of the residual stenosis in the infarct-related vessel in 92% of the patients in our study, who underwent primary angioplasty, recovery from ischemia is initiated rapidly, probably resulting in improvement of wall motion and better healing of the infarct zone. A recent study showed a close nonlinear relation between the degree of residual stenosis of the infarct-related artery and the degree of left ventricular dilation at both 6 and 12 months after the first myocardial infarction, which is also in accordance with our (in-hospital) findings. 43 The residual coronary artery obstruction may thus limit the flow through the infarct-related artery after successful thrombolysis and result in continuing ischemia, delayed recovery, and even ongoing necrosis of the myocardial tissue involved. 4445 Third, half of our patients presented early after symptom onset and were treated rapidly, with a mean time interval from admission to first balloon inflation of 64 minutes in the angioplasty-assigned group. Several studies have shown that restoration of antegrade blood flow in the infarct-related vessel within 2 hours after symptom onset results in the highest probability of myocardial salvage.22 '26 Fourth, the preservation of left ventricular function after primary angioplasty compared with thrombolytic therapy may be different because of hemorrhagic extension to noninfarcted areas of myocardial tissue after thrombolytic therapy and subsequent delayed healing of myocardium. After primary angioplasty, an "anemic infarction" was seen in a small group of patients. '7 However, these phenomena are speculative and need further clinical information.
Fifth, in patients with severe or diffuse three-vessel disease, enhancement of collateral flow to non-infarctrelated areas of the myocardium may also contribute to improvement of left ventricular function, and the remodeling process may be reduced. The high incidence of sustained patency of the infarct-related coronary artery in the angioplasty-treated patients may therefore be an important factor in this process. 9 Last, the avoidance of stimulation of platelet aggregation in patients without thrombolytic therapy could be responsible for the low incidence of reocclusion in patients undergoing primary angioplasty. 46 This report is based on data from a single center with an experienced group of interventional cardiologists and optimal 24-hour coverage of interventional cardiology and cardiac surgical standby. Accordingly, the results cannot necessarily be transferred to the treatment of patients with acute myocardial infarction in general practice.
It is unavoidable that measurement of infarct size and/or left ventricular function is missing for some of the patients. Still, it is unlikely that this has biased our results because the data were very consistent and measurements were complete in at least 90% of the patients. Serial enzyme measurements were not available or were insufficient for adequate analysis for some patients (8%), but most of them also were "early" nonsurvivors, and these patients are likely to have had the largest infarcts. Because only 3 patients died in the angioplasty group versus 11 patients in the streptokinase group, the observed difference in LDH Q72 may have been underestimated. Missing data were distributed evenly over the two groups, and imputation for missing values would have strengthened rather than weakened the differences between the two treatment groups.
Data derived from the nuclear technique used for measurement of regional wall motion may be suboptimal because limited information on certain segments of the left ventricular wall is available with the use of a single view. This radionuclide technique is based on measurements of volume and changes of volume, and it gives only an approximation of the actual regional wall motion. Delineation of the apical and inferolateral segments is especially difficult, and overlap is likely to occur in patients with anterior wall myocardial infarction. This may be the explanation for the observed differences in non-infarct-related segments between the two groups.
Evaluation of left ventricular function after myocardial infarction preferably should be done 2 to 3 weeks after the acute ischemic episode because "stunning" of the myocardium takes time to resolve.52'53 Delayed recovery of left ventricular function, however, may be observed much longer afterward. 54 The small difference in time (3 days) 
